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(57) [m^] 

mm] h«s)gtM©ii$*im»K:M!&-5M i s f 

F*3SiJlHl8S*«^-r-5M I SFET (Qn 

Qpj <Dif-'\-mmm9ait. Ma{b-> >; :3 >ii-c 

I/OHIiB^ltfiSt-SMl SFET (Q 

ii^R^{*ii©aBig-c^fiS$ n sflg 1 ±(c 2 a<D 

y- hi^iitM9 a, 9 b*ffM-r-5.7'P-fe;<«. 
9 a. 9 b i<DWBic:F^SI©^^AiilA0fc»3. 





1 

t?) -> 3 >mm^mMr •sigi . < b ) B!ii2-> ^ 

4SHi3-&-5xei. ( c ) Mie ( b ) xm(m. mm 

i,^m 1 iffiiitM5:ffjRSt-sxg<t . ( d ) mmm i mj^jc 
8(riB^ 1 mmm^m l . t^iB^ 2 mjiscdmsbh 1 iM^igi 

i/>J=j»i^^W$-lf^Xg<b> (e) mrie <d) 
©t^. MiBH 1 MJ^©Buf em 1 .^i^lg©±. *s<i:zmm 

ttmmm^i^^i>m2mmm=s:mfS.r?>j:mi^. (f) 

B«tBm2 ffiiii)g±Ccm 1 »i*)l^?F$fiS^aX|ii , 
(g) BlliBl^la»(*a?:^^:>-->i^T^CitCj;-o 
r . pisBm 1 ««o wf BH 2 *fii^|g|©±{c Bu sa« 1 mi^ 

IB^ 2 Ml^©t5f BH 2 i^M©±K|friBm 1 mf^MA^ 6 
>5:-Sm2MI SFETOy-hSS^ffJ^-r-SXei* 
'J>l3:<t 4>HuiB ( b ) Xg*i6BUiB ( e ) Xg* 

[ii3}?]R2 ] flirtB ( b ) xmia6i-fi,mm^mmitm 

[it«^3 ] mum 1 i»i^igiw. ffi!ibi^ 

{%mmA ] iffB ( c ) xg t BuiB ( d ) xiii©ra 
(c. ^*$tr^H$itiriiriBS'';3>»««rg«i«ia-r 

-5^ 1 ^Jaaxe?: S hic^^^ 'PU < t 4>Bf)iB ( b ) 
Xg*^6B«iB (e) Xesr^. H?iB-> 3 >a^?::^ 

[f»3j?« 5 ] BuiBii 1 mmmt. mmtty ^ 

S^ifiS^ t f -SiteKSM-C* S C <b ?r!|$m<t f -Sit 4 
[if*:«6] t5flBll2i^iit^OJ:kiim^». 8. Ofet 

im^m 7 ] ^^c < t *>85iB ( b ) Xg*i 6«iffB 

x-^mL-cn^ c t ^mwitrimm. i iBigo^^f* 

[iS*^8 ] S5iB ( b ) IMis^hmm ( f ) XS^r 
B!ifBi^';=i>»S?::^»K;®-rc<!:Ad:< jgfilbrtT 

^ c t^^^tirhmim 1 iBt8©*as<*«ffliai{s«g 



(2) 0 3- 1 52 1 02 

[ft*^ 9 ] BulB ( e ) Hmtrnm ( f ) 1Mt(DfSi 

{c> firtB'> y 3 >s«?:J»«!iaT-sii 2 ?»saaxe«r $ 

P>JC^*i. pt£< ifeMIB (b) xe*>P)HfrfBII2|^5n; 
SX«lf-C?r. HyiB->';3>»«^:^«{cill-rciJ5:< 

^ Lrtf ^ c <»: ^^>ii*« 1 mm.o'^mwm 

{m^m 10} ( a ) ^Micm 1 ^J^. ^2^^, m 
Xe <!: . ( b ) BfrfB'> U =3 >S«z©*BDtC tl/t S 

10 im.\tm^^tsm^m^n>ctK.X'=x. buibs^u^' 

>a«©XcE©i^U=i>Jl?rSa3-a--5.Xgi. (c) 

BtfiB ( b ) xg©f^. BMiBi' y =3 >m<D±(,cmtiy y ^ 

<b. ( d ) HtiiBll 1 *s <fcC>*ll2 M^fCHtflB^ 1 

L , miB^ 3 *j J: o'li 4 ^«{© HuiB^ 1 mmm^mtR 

wifav y 3 »i*sa $-ii--5xai , ( e ) wfia ( d ) 
xs©f^ , mnim 1 *s cfc 2 ^iic© HuiB^ 1 mmm<D 
±. *jj:o'B«ia^3*sj:o'm4^j^©itria^^y3»i© 
20 ±{c^^b'>y3>M«fc»3 4>Jt^m^3&i;*;#c^ll2tgi^lli 

=^mf&-r?>xm ( f ) huib^ 1 j:o'm 3 ^^©su 
lam 2 mmmiicm 1 ««^©ii 1 l> Btr 

tan 2 J: C>'m 4 ^J^©H«sail 2 ^M±fcm 2 
©ll2«<*M«:JfM-r-SX«i. (g) MSHlfeJrCX 

II2«^J1?:>'^•^-X>i^■r -5C tJCcfcoT. ftfl B^ 1 

M«©ButeiS2 $g#ig©±ccifiam 1 «ss©m 1 
mm 2 mm<Dmmm 2 mmm<o±icmmm 2 mmmom 

2 mi^mfJ^^tJ: Sll2MISFET©y-h mS^rfjRS; 

30 L. H!ria03M^©B>rieii2i^i^M©±{CB«ta»i«m 

M©01«ftJi*^6itc-5ll3M I SFET©y-hSe 

* L/ . mmm 4 «^© wiaii 2 ii&»ii©±{c buibm 
2mnm<Dm2mi^m*^ht£:6m2M i s f ET©y- 

hm®€:ff$«-r ■5Xgi€:S.i!»'. ptj: < <!: 4>B«ga ( b ) 
XST&i^fJiB (e) Xa$-C*. UiB5^y3>»««r:^ 

«aiHiS8ilg©Siii:^S, 

[f»*3i 11] OTiB ( b ) T.mi<cism>mm^fmit 
{m^m 1 2 ] Butam 1 ^^b^^ y 3 

Ci«*]ai3] Buta (c) XSiBlfiB (d) XSi© 

rate. ^«>&$tf^H«*-CB!igB'>y3>a«*i^a 
•Tim 1 ^«iaxe*3 6k:^*. ii>tii< t ^mm 

(b) Xg*i6HtriB (e) HUlBi'y3>a 

50 m^mi ofm<om^mwmmmm<mm.-mi. 



C3) 



[»*JM 1 4 ] mMm 1 ^mt. mm<tiy U 

Hfl*^i5] wmmz^moimmmit, s. o 

[ft^Jl 16] ii>nc < i 4>Huia ( b ) xm^^hmiE 

-eai^u-ctT^c<!:*!|$®i-r-5iS«^i oiEts©^* 

i*SiSlHliK^S©SSjg:^?S. 10 
immm u] nuts ( b ) xg*^6mriB ( f ) xn* 

tf ^ c i =&!^<b-r 1 0 ^(o^mimmm^s 

[ff*]I18] BtiiB (e) X^iHUIB ( f ) Xfii© 
S 6 {c^i«f. ii>/d: < 1 4>H9ia ( b ) JMifi hm^m 2 ^ 

wmmM^mmommijmo 20 

[l»*«19] (a) Sa{C»lMi^<bm2MJ|{<b* 

wrs'> u 3>a«^ffl«-r?.xs<!:. ( b ) huibv- 

» 1 mmm^m^-riumi^. ( c ) tiraam 1 mm^cm 
iBH 1 i^iS^M*^ L . fyf an 2 ^^©Htjf a® 1 mm'm^ 
miRm<>cmi:-r 6 c i (c<fc ^ r . mrian 2 mm(Dm^z^ 

'j3>»fl2«ffi^SUiS-t±^X^i. (d) miiBS2«M 

«i©«rna'> =1 >mi&mm^m^-r%xm (e)m 
ta ( d ) x?i©fi, Butan 1 M^OHtriaig 1 tmm±i6 

J;O*H5ifB02M^<DButa'>';='>s^j:(c. Sffce^ya 30 
>M<fc 0 ^)J:b^m^*S:^^l»n2;^)e;&BSRTSX^ 
t . ( f ) lifflBm 2 i»i^)g±K:» 1 «<*B«:JfJfiS-r SX 

J: o BffiB0 1 ^J^cDMIBH 2 «5^)g±tc BiriBll 1 # 

Miam 2 MJ^ofriEU 2 itsimm±icm^m i 6 

^C6I^2M I SFETtDy-hmg^rJf^^T-SXgi^ 
< t 4>mriB ( d ) xei^T^^e-MIB < e ) X 

immm 20} ( a ) ^micwat'^ v =3 >m*^ e.^c ^ 
m 1 «5i»)®3!>5ji5«!S3 ti/ci^ 3 >a«*ffls-r sxs 

t . ( b ) HuiB U n >»««® <DH«iBll 1 iffi^fi* ^ 
*-r *X« i . < c ) mn^iy ') 3 >»«affi*i5fe?f ^ -5 

xei , ( d ) mrtai^ u 3 >aig±ccSjt-> 3 >m J: 

0 4>i:bg|S^*i:*:#l*ll2iKSiSI®*J15^-r4XS<!:. 

( e ) m%Em2mmm±icm i sn^a^ff^BS-r-sxe 

(f ) BUiailli»f*)l«:^-«^'-->4^-r-5Ci(Cj: 

BuiBH 1 mwm*^^fj:i>m i m i s f e xoy- so 
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XSi^7*>6wifB (d) Xg§a*&SE-C©ra. pffiJ^Ua 
>S«*^r§tt#H»fc«^-r c i i f 

[0 0 0 n 

il6^M©li/S*«^J5: S 2 mWc<r>U I S F E T (Metal I 
nsulator Semiconductor Field Effect Transistor)^ 

[000 2] 

ci**©^'pi5] '=mwmmmmm.<jymmmit. mm 

S-li-5/ci6«:M I S F ET»;<-{r- •;>yiij test o -CSS: 

Am:*jiii8S i ■cttf'psiEETjis^c s c i *> 6 . ^-vnm 

|g(DJP3*iJ:bt5WJ*l»M I SFETfc.i:«i$tl-Cl» 
[0 003] C © J: -5 JJcSa*^ 6 > ia¥©¥^<*f'>'-? -c 

1 S F E T?rPI— a«±CC?f$)S-r'57-DtX©^A*^3i 
i*6nrt5-5), m«^tP§2 0 0 0- 1 8 8 3 3 8^<2> 

- h it&i^M. m 2 MJ^{cs{b> <; 3 > * /c«K^b > ^ 

[0004] 

csiWJti^w^Ucfc^i-rsgBis] m«y-hfi**o. 

2 u mWT©M I S F E T«> K{be^ U 3 3 
L. K^bVU3»||4fieofc'!>^-hiffiiHfeJg|©|g0*3n 

as h > ^> jimmiimm l . ffi?is^;^{b©ii.'^.*^ 

y- hi^)il*K{b'>";3>-C«fiSL./cMI SEE 
TW. y- h^i^lS^«*ii^U-C«gS|g«)«g*?:|Sj± 

[0005] ■e©>t*SI<!: L/-C». i:bg|«^*5^fbi' ') 3 
>J:'3fe:*:#i»^fb^»> (T i O,) . miV^y:^'^ 

r, y-hi^ii©!^aa^)Aj:ii;i;SrA#<-r€.3SJi?igAi 

[0006] -ec-c, y- h«Si!iM©Ji33&sai>tcg^c 
i>u I s F ET^isi— a«±{cjf$s£-r^mrfB©^^(*7' 
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[0 00 7] bifiL. ±gB*«^^7'>'^'-^X©t3iS■C«. 

^*ns*-!j<> (c) ^:i'<D^*e!^ (mm tm^m 

[0008] ^iSft:a«^M*s:A:SiCcia3nSi: 
t»1^14tl©MI SFET?:||31-r^Ci*SHIttcnc-S, 

[0 0 0 9 ] *i6H^cDse<3«> iiii§ii»M*^e>^c^^'- 
f-iie^^^rW-r I S F E T*^^izi^*»^±(cff$^■r 
[0010] :^mm<Dm<Dmmt. mmMwm^^(^>u^ 
y- h mmm=&^-r « m i s f e t =?:^i-mi^mm±icm 20 

[0011] :$^?g©H!ii2i^j:6t>'K:^©ffe©ae<Jiif*i 
[0012] 

[ 0 0 1 3 ] vmmmi>mmn.wm^m^^fc:>^mn 30 

^LAif*. MIBiSSIM<*lil*itS-r-5*-T?©ia{c*sC> 

0 . HtflB^- h^M©i^i^»E©®T^Ke±^ac t 
3!)i-Ctf« jJ^oBJiBy- hi^i»)S©^Sffi;T?:P;5±Lr^ 

[0014] :$imm<D^mwmm^mms(D^:fjm 40 
ymmi:mMt ^xm t. ( b ) miEiy ^ >a«©± 
or. Bufa->';3>a«©i®©>'U=j»i?:^tH$-t* 

SX?i t . ( c ) HulB ( b ) XS©t^. BuIBi- 3 »1 

B'^mm-r -5XS i . ( d ) m^im 1 ^j^fcsuiB^ 1 
mm=s:m u . wtan 2 mmomnEm 1 ite^M*iitRfl«jcc 

^5fe-r?)C:<t(cj:or. BufBII2fH^©H«iBi^U 

^SSmS -iiSXgi . ( e ) fiflB ( d ) Xg©fg. MfB 50 
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n 1 mmcomMBm i i^i^ig©±. cmian 2 m^© 
BufB-> u 3 >B©±{c^{t'> 3 >MJ: "3 iittmmm'fyi 

I »0 2 i^li^?fj)?£-r .SX?! i . ( f ) BfrlBH 2 m 

iiiig±{c0 1 m{^m=s:Bf&-r?>jLmt . ( g ) buib^ 1 

©MiB^2iNSi»IS©±(cMiBm 1 2Sflce*>6^cS^ 1 M 

I s F E T ©y- h mm^mis. u . m^m 2 ^ji?©!? ib 

l|2i^Jg©±fcMIBIg 1 mWm*^htj:i,m2M I S F 

HUlB ( b ) Xli*^6MiB ( e ) XSSr*. BuiB'> 3 
>S«*;*c»CclSf C i < iii^ L-CfT ^ ct ^ CC L 4> 
©■C^).S, 
[0015] 

[^B.^©^SS©Jf5SS] «T, *^Bg©ll)5S©?f5,18*SM 
tc«-:5c^t:i¥lfflicUiB^-r6. ^c*5, ||)5S©JfJ^^giB^-r 
^/c&©^0tC*JUr. IHI— ©IStl?:Wr-5Si5WfCl*|Hl 

-©i^*^*u. ^©iiaioiiL©ifi?ai*S'iis-r*. s 

[0016] imM<om^ 1 ) *IISSJK^©CMO s - 

ss%^i(S-r-SM I s F E T^o^ETtofps-a-s. c© 
fc*. i^gi5iii8§*«^-r*M I s F E T©y- vtmm 
*«(->*fii^M-c«^-r-s. Ji-gi5©i§imffAiEiwn3 
nsAtH;': ( I /o) psg©M I SF ET», hist 
0E*5i«-rSiii'S*5&-2>©r. »ciMi»M-cy- vmm 

[0017] «T. *IISS?l5SS©CMO S - L S I ©K 
I'-Hl 9?rfflt,^ri^tCUiBJ-r^. 
CMOS-LSI ©Mi*:/7S^^-r¥^i*»«©»r 

fflEl (01. H2 . 0 5~0 1 9 ) ©^ffllJ©M^«. 

to 

[0 0 18] $-r> 0 HC7n-rj:^(c. m«i~i o 
©ss 1 *i "J ?«©rtsp^ 

[0 0 19]i^(c. 02(c^t-J:^tC. «Sl^l§ft^{b 

b-c^ommicmm i o n mfe(T©w<.»K<b'>y 3>m 

7=kBfS.-rio Mt>r, c©K{b>";3>li7^/rur 
*«i©— Sl5^c;^'i7sS?r^;^->aAL'. ffe©— gpfc>;> 

^ >i4 A 0 /cm. a« 1 L-r ±gB^iK!Bl 

*a«l©rtSI5tc:J£«{$-e-4c<!: 
CCJrO. n9^i';^;l'MM I SFETJf$fi£«Bl^KpS-^7i 
Jl'4 i:HmL. P 5^ f * JbMM I S F E TJf^fiS^^JC n 
M-^x^US^J^fiS-r-S. S/cC©<!:#. MISFET© 
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[ 0 0 2 0 ] :;^(C. ±IB»« 1 3 iC^-TMSi^g 1 

0 0 icmmr^, c (Dmm^ i o o s.y^yifm. 

10 1, K^k^KiSS 10 2. gftSJiaS 103. 

mm. 1 0 A^s^u'mmmmm i o 5*^6^c-sigi^©Ma 
mx (mm) ■ri>tcii>o:>u^^'y k i o s^m/c 

4 C <t *s -C # S J; -5 {c ^ r C ^ -5) . 

[002 1 ] isBsaaiiB i o oicmm$titc'^:j^^^m 

oLv^^^Ml 0 licmhtii), 20 
CO 0 2 2 ] S4«:^n-rJ;^{c. x-,^>i^Sioi 
«. »«1 *tSS-r-5)>^f— i^2 0 1 ^«gA/c^f >^^• 
2 0 2i. 5^1'>-'N*2 0 2©i1-g|5(Cl9:t^6n/c7'^Xv 

^g|J2 0 si-cBl^^nrti^,. ^tr. a«i*i5^ 

^'>>'^•2 0 2{CJRS3tl-l)<!:. 7'^Xvgfe)Sg|52 0 3 K 

^L/. ^5K:^f<fc^«:. 1 ©^ffitcj^fissn/c 30 

[0 0 2 3 } COJ:^tC. >>'^•2 0 2i^l8l$n/c 

7'7XvifiS;g|52 0 3?:Wr-5.J--:'5^>^'Sl 0 IT®? 
^ti>';3>ig7 5:^JS. l^*T^Ci«:j;i3. 1 CD 

f^. a«l ?:iW*i5fe>IH^fcf). |i£^U/c«5-r^X^*Sii:- 40 

C 0 0 2 4 ] ;^(C. ^{b5^ 'J 3 >® 7 A5^*3n/c:a« 
l^i-;'5^>i^Sl 0 i*^6axo(±iLrif'fbMasi 0 

2(ciibi-r-2>, -eor. ^{btos^i 0 2rt-ca«i© 

mffi^SSCK^b-rSCttctoT. 06{c^-rJ:^{c. 
»«1 (pM't'X-'l'4. nM-^x^l/S ) (D^ffitCflSll 
~4 nmggCDK{b>";=i>M6 5:Jf$RST-5.. C<DK^b 
i/yn»!i6«. I /0|5|S8^r«^-r^M I SF ET© 50 
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[0 02 5] C©J:5K:. S«l<3!>aB«:«5fe^L'r*i6 

X^. a«l*A«tcmST-5C<!:^j:<ll)te-r^C<i:(C 
J: . ^{bi^ 3 >iS 7 L/d^©«flK 1 ©«ffi(C 
JgRS3n-5^SI>5:a^SSI^bl®©l8JP?:S:^3«< T-5C 
i*s-C^-?,©-C. »<. ^O^oiejp'iM^jrg^^bi^yn^lg 

[0026] 'JfMC. mVc%y V 3 >M6 *sj^fi£3n/cS« 
1 ^KfbMS^ 1 0 2 *i6BSlf) m L,-C^<b«ia^ 1 0 3 

3 >M 8 1 ^, Wiitiy 3 >IBI 6 ©Sf bi!aa«. 0« 

^«^fb5Dia^l 0 3rttCT>*^T (NH3) ijy^i 

^>7'T:^-;u-ca« 1 *9 0 o-c^iStc^ji- 
jn^-recifcji-^-cff^o mmmit. ^S4v-x 

C©1S^«. aSl ?:itR^•r•59^-^'>>'^•2 0 2 

■7^^^-ri,-yz'X-7^fS.m2 0 3 i*i^gt34T,fcBuia 

[0 02 7 ] ±ieU-^cfi{bM«»iiJ>?l©XgTtti^Ct,> 
3!>5. mitiy 3 >li 6 ^mmtiy 3 >M 8 Jc^;t €. C 
<!: {C J: 0 . fa©XS-CB?^f bJ^ 'J 3 >|g| 8 ©±ai5{Cita! 

•So 

[0028 ] -xic, mmiti^ u 3>^8 Asff^fissn/ca 

«1 ^^Ib^saSl 0 3*>6Bl0tBLrR:)K«!ffl^l 0 

4(c^jiL/, HStCTn-rJc-^fc, affil©affi©— SP 
( I /omSSMtS) 5:7* h Ui^'x h)K4 OT?S^= S 
7n«#BS-r-2>A5. S^tMSSl 0 4©rtgptC«. ««1 
o^mWicy* h Ui^x hM4 0*Xf>^?p-r-SUS^x 

)a4o^cBFT^©^^•^^->^fe:^•r^K^i^g. 
*i^TL/c7 # h ui^x H14 0 ^mmm>mmmm.. 
wsL 1 ©aH©7 * h uj^x ng4 0 *^*-r-sr y 

[0 02 9] h Ui^>x hM4 0*sj^fiS5nfc 

»«l«rS^*ftS^l 0 4*^6Bl«5ai/rHuiei j'^> 
y^i 0 1 cctiillL. 09{c^-rJ;'5Cc. y^hwy. 

ib'>';3»g8 4i^*-r^.. 

[0030] yiCK:. affi 1 *x V 1 0 1 *>6S 

^MS^l 0 4iCt!SiML'. -7* h Ut^X h^4 0*Ty 

ii-r-5). -ebr. 0 1 ofc^^-r.t^'fc. s«i±{cg?{b 

3 >gSg[|iJlT' 2 n m~ 5 n mm&<DlSm^Wm 9 

M I SF ET©y- hi^mto-cmmstii,t^ic. 

I/0|5|SS5:1t^-r^)M I SFET©y- hil&^M©— 
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[0 0 3 1 ] cc-e« ±iai^^«<*iS9». tktis^** 

MWti^ic mtmrnm*^ 8 . o vj±<Dttm^ 6 ^m-c* 
imit^^> (T i o,) . miV^y^'^M. (h f 

O,) . T)VS.i- (A UO,) . ^^ti^^Jl'^-'^A (Z 
rO«) > mVcy^'f^'Oh^ <RuO,) fiiilfiWrs-Q^ 
PZT, PLT, PLZT. PbTiO,. 
SrTiO,, BaTi03> BST. SBT$/c«Ta 

•7^ 'J>^''S*6t^tiALD(Atomic Layer Depositio 

SO-OC3HO4) tm^*V-X:yx{CfflC>fcCVD5* 

[0 0 3 2] -figOC. ±iB©J: ^ ^c#Jlg!{b^*i6^cS 
iii (^) ^itfS©M*«:^^^^ti^ci© 

n5&i*-s»^«. ^sf*M9%3Jts. iSs^t-r^/cA© 

a® 1 *i^5aa-r-s. s« 1 ^^{b^aas 1 0 3 
(CJB^L. ^^^^/^:lSs#ffl«tJras 1 *?»«ia 

/cBS^^bv- U 3 »!i 8 ) iOl^fflCCBfrM U^ct,^K{b!B3 

i:(^^\:,h<D^-Q^^m-immthtc^. ^{b^a^i 0 
[003 3] c c ^ -c©xg(c ct 0 , nwmmmm 

«1 ©affi{cBS^<*IS9*>6^j:-5WC»-y- hi^i^9 
a Ifi^M. 3 n> I /OlsIKfSllSOStS 1 ©«BHJC^^b 
3 >K 8 1 9 ©«lllg*« hUhm^V- 

[0 034] c©<j:^«c. imwm-n\x. a«l±{c 
)gig(D^Ji s 2 affl©y- 9 a . 9 b ^tM-r 
-5^{c±iaLfcSjia*^a 1 0 0 ^fflt^. a« 1 
i®-rci^c<iigi^tta4?f ^©-c. g^^{bM^^©i!i 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for 
manufacturing a semiconductor integrated circuit device. More 
particularly, it relates to a technology effectively applicable 
to a semiconductor integrated circuit device in which two or 
more types of MISFETs (Metal Insulator Semiconductor Field 
Effect Transistors) mutually different in thickness of the gate 
insulating film are formed on the same semiconductor substrate. 

The operating voltage of a semiconductor device has been 
reduced generation by generation for achieving higher 
integration and lower power consumption of a semiconductor 
integrated circuit device. Under such circumstances, a MISFET 
is reduced in size in accordance with the scaling law for 
maintaining and improving the device performance, so that the 
thickness of the gate insulating film is also being reduced. 
However, for example, with a CMOS logic LSI, or the like, the 
operating voltage is different between the internal circuit and 
the input / output circuit. For this reason, a MISFET in which 
the thickness of the gate insulating film is relatively larger 
is also required. 

For such a reason, for a recent semiconductor device, 
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insulating film is increased by using a high dielectric film 
of titanium dioxide (TiOj) , hafnium dioxide (HfOj) , or the like, 
which has a larger relative dielectric constant than that of 
silicon nitride. 

Thus, for the semiconductor device in which MISFETs 
mutually different in thickness of the gate insulating film are 
formed on the same substrate, a process of forming a part of 
the gate insulating film with a high dielectric film and forming 
another part thereof with a silicon dioxide film is required 
to be introduced. 

However, with the foregoing semiconductor device 
manufacturing method, the surface of the semiconductor 
substrate is exposed to air between when the semiconductor 
substrate surface has been exposed and when a gate insulating 
film made of silicon nitride or tantalum oxide is formed. 
Accordingly, impurities (foreign matters) such as carbon (C) 
contained in air are deposited on the semiconductor substrate 
surface, unfavorably resulting in a reduction in withstand 
voltage of the gate insulating film deposited thereon. 

Further, by exposure of the semiconductor substrate 
surface to air, a natural oxide film is formed on the 
semiconductor substrate surface. Even if a high dielectric 
film is deposited thereon to form a gate insulating film, the 
gate insulating film capacitance is reduced. In consequence. 
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a step of cleaning the semiconductor substrate surface; and a 
step of depositing a high dielectric film on the semiconductor 
substrate surface. With this method, the semiconductor 
substrate is held in an inert atmosphere between when the 
semiconductor substrate surface has been cleaned and when the 
high dielectric film is deposited. In consequence it is 
possible to prevent the reduction in withstand voltage of the 
gate insulating film, and it is possible to improve the current 
driving ability by preventing the reduction in capacitance of 
the gate insulating film. 

A method for manufacturing a semiconductor integrated 
circuit device of the present invention, includes the steps of: 
(a) preparing a silicon substrate having a first region and a 
second region on a principal surface; (b) removing a film 
including a natural oxide film formed on the principal surface 
of the silicon substrate, and thereby exposing a silicon layer 
on the principal surface of the silicon substrate; (c) forming, 
after the step (b) , a first insulating film having a smaller 
relative dielectric constant than that of a silicon nitride film 
on the silicon layer; (d) selectively removing the first 
insulating film in the second region, leaving the first 
insulating film in the first region, and thereby exposing the 
silicon layer in the second region; (e) forming, after the step 
(d) , a second insulating film having a larger relative 



FIG. 4 is a schematic view for showing an etching chamber 
of the treatment apparatus shown in FIG. 3; 

FIG. 5 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 6 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 7 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 8 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention ; 

FIG. 9 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 10 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 



manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 17 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 18 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 19 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is the one embodiment of the 
present invention; 

FIG. 20 is a cross sectional view of the essential part 
of a semiconductor substrate, for showing a method for 
manufacturing a MISFET which is another embodiment of the 
present invention; 

FIG. 21 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is another embodiment of the 
present invention; 

FIG. 22 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
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manufacturing the MISFET which is another embodiment of the 
present invention; and 

FIG. 29 is a cross sectional view of the essential part 
of the semiconductor substrate, for showing the method for 
manufacturing the MISFET which is another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Below, the present invention will be described 
specifically by way of embodiments by reference to the 
accompanying drawings. Incidentally, throughout the drawings 
for describing the embodiments, the elements having the same 
function are represented by the same reference numerals and 
characters, and the repeated description thereof is omitted. 
Further, in the following embodiments, the explanation of the 
same or similar parts will not be repeated in principle unless 
if necessary. 

( Embodiment 1 ) 

With a CMOS-LSI of this embodiment, a MISFET constituting 
the internal circuit is operated at a low voltage from the 
viewpoint of reducing the power consumption of the circuit. To 
this end, the gate insulating film of the MISFET constituting 
the internal circuit is comprised of a thin insulating film. 
On the other hand, for another MISFET of an input / output (I/O) 
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dioxide film 7, and phosphorus is ion-implanted into another 
part thereof. Thereafter, the substrate 1 is heat-treated to 
diffuse the impurities (boron and phosphorus) into the inside 
of the substrate 1. In consequence, a p-type well 4 is formed 
in an n-channel- type MISFET formation Region, and an n-type well 
5 is formed in a p-channel type MISFET formation region. 
Further, at this step, boron is ion-implanted into the surface 
of the p-type well 4 (channel formation region) , and phosphorus 
is ion-implanted into the surface of the n-type well 5 (channel 
formation region) for controlling the threshold voltage of the 
MISFET. 

Then, the substrate 1 is transported into a treatment 
apparatus 100 shown in FIG. 3. The treatment apparatus 100 is 
made up of a multi-chamber system including a plurality of 
treatment chambers made up of an etching chamber 101, an 
oxidizing treatment chamber 103, a nitriding treatment chamber 
103, an exposing treatment chamber 104, and a film-forming 
treatment chamber 105, and a loader 106 and an unloader 107. 
At the central part of the treatment apparatus 100, there is 
disposed a transport system including a robot hand 108 for 
transporting in (transporting out) the substrate 1 in wafer form 
to (from) the foregoing respective treatment chambers. An 
inert gas such as nitrogen or a rare gas is filled inside the 
transport system. This allows the substrate 1 to be transported 



like. Incidentally, it is also possible to perform the removal 
of the silicon dioxide film 7 by wet etching using a hydrogen 
fluoride, or the like. However, when a wet process is adopted, 
steps of pure water cleaning and drying of the substrate 1 become 
required after removing the silicon dioxide film 7 . Therefore, 
as compared with the case where the foregoing dry process is 
adopted, the multi-chamber configuration becomes difficult to 
implement during the transition from removal of the silicon 
dioxide film 7 to the subsequent step. 

Then, the substrate 1 from which the silicon dioxide film 
7 has been removed is taken out from the etching chamber 101, 
and transported into the oxidizing treatment chamber 102 . Then, 
the surface of the substrate 1 is wet oxidized in the oxidizing 
treatment chamber 102, thereby to form a silicon dioxide film 
6 with a thickness of about 1 to 4 nm on the surface of the 
substrate 1 (the p-type well 4, the n-type well 5) as shown in 
FIG. 6. The resulting silicon dioxide film 6 is used as a part 
of the gate insulating film of the MISFET constituting the I/O 
circuit . 

By performing the process from cleaning of the surface 
of the substrate 1 to formation of the silicon dioxide film (gate 
insulating film) 6 without exposing the substrate 1 to air in 
this manner, it is possible to minimize the thickness of the 
undesirable natural oxide film formed on the surface of the 
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in the subsequent step advantageously becomes less susceptible 
to oxidation. 

Then, the substrate 1 on which the silicon oxynitride film 
8 has been formed is taken out from the nitriding treatment 
chamber 103, and transported into the exposing treatment 
chamber 104. Then, as shown in FIG. 8, a part of the surface 
(I/O circuit region)* of the substrate 1 is covered with a 
photoresist film 40. Although not shown, inside the exposing 
treatment chamber 104, there are disposed a resist coating 
apparatus for spin-coating the surface of the substrate 1 with 
the photoresist film 40, an exposing apparatus for transferring 
a prescribed pattern onto the photoresist film 40 coated on the 
surface of the substrate 1, a developing apparatus for 
developing the photoresist film 40 after completion of the 
exposing treatment, and an ashing apparatus for removing the 
photoresist film 40 on the surface of the substrate 1. 

Then, the substrate 1 on which the photoresist film 40 
has been formed is taken out from the exposing treatment chamber 
104, and transported into the etching chamber 101. As shown 
in FIG. 9, the silicon oxynitride film 8 in the region not covered 
with the photoresist film 40 (the internal circuit region) is 
then removed. 

Subsequently, the substrate 1 is transported from the 
etching chamber 101 to the exposing treatment chamber 104, and 
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(deposition temperature, about 400 °C) using tetraisopropoxy 
titanium (Ti (iso-OCjH^) 4) and oxygen as source gases. 

In general, a high (ferro) dielectric film made of the 
foregoing metal oxide has crystal defects such as oxygen loss 
in the film immediately after deposition. For this reason, if 
it is used as a gate insulating film as it is, the gate withstand 
voltage may be reduced, or the leakage current may be increased. 
Thus, when there is such a possibility, a heat treatment for 
modifying and crystallizing the dielectric film 9 is performed. 
This heat treatment is performed in the following manner . First, 
the substrate 1 is transported into the oxidizing treatment 
chamber 102, and the substrate 1 is heat-treated in a high- 
temperature atmosphere containing oxygen. Then, the substrate 
1 is transported into the nitriding treatment chamber 103, and 
the substrate 1 is heat-treated in a high-temperature 
atmosphere containing nitrogen. At this step, in order to 
minimize the possibility of the formation of an undesirable 
oxide at the interface between the high dielectric film 9 and 
the underlying substrate 1 (or silicon oxynitride film 8) , it 
is desirable that the heat treatment in the oxidizing treatment 
chamber 102 is performed at a temperature reduced as low as 
possible . 

Through the steps up to this, a thin gate insulating film 
9a comprised of the high dielectric film 9 is formed on the 



implantation method using a photoresist film as a mask. 

For deposition of- the foregoing non-doped polycrystal 
silicon film, the film-forming treatment chamber 105 of the 
treatment apparatus 100 may be used. Alternatively, a 
stand-alone CVD apparatus may also be used. When deposition 
is performed in the film-forming treatment chamber 105, the 
substrate 1 will not be exposed to air between the formation 
of the gate insulating films 9a and 9b and the deposition of 
the non-doped polycrystal silicon films. Therefore, it is 
possible to suppress the defects that undesired natural oxide 
films are formed on the surfaces of the gate insulating films 
9a and 9b, and that foreign matters are deposited thereon. 

Incidentally, as a matter of course, the gate electrode 
material may be comprised of a conductive film other than the 
foregoing polycrystal silicon films (lOn and lOp) , such as a 
silicon film containing Ge (germanium) in an amount of several 
percent to several tens percent, a laminated film (polycide 
film) of a polycrystal silicon film and a refractory metal 
silicide film, or a laminated film (polymetal film) of a 
polycrystal silicon film and a refractory metal film. 

Below, the steps after the deposition of the polycrystal 
silicon films (lOn and lOp) will be described briefly. 

First, as shown in FIG. 12, the n-type polycrystal silicon 
film lOn and the p-type polysilicon film lOp are dry etched by 




of the gate electrodes lln and lip. 

Then, phosphorus or arsenic is ion-implanted into the 
portions of the p-type well 4 on the opposite sides of the gate 
electrode lln. Whereas, boron is ion-implanted into the 
portions of the n-type well 5 on the opposite sides of the gate 
electrode lip. Then, the substrate 1 is heat-treated to diffuse 
the impurities threin. In consequence, n*-type semiconductive 
regions (source and drain) 16 each having a high impurity 
concentration are formed in the p-type well 4 . Whereas, p'^-type 
semiconductive regions (source and drain) 17 each having a high 
impurity concentration are formed in the n-type well 5. 

Then, as shown in FIG. 15, the gate insulating films 9a 
and 9b formed on top of the n*-type semiconductive regions 
(source and drain) 16 and the p*-type semiconductive regions 
(source and drain) 17, respectively, are removed by etching. 
Then, a cobalt (Co) film 18a is deposited on the substrate 1 
by a sputtering method. Alternatively, a -Ti (titanium) film 
may also be deposited in place of the cobalt film 18a. 

Subsequently, by heat-treating the substrate 1, the 
cobalt film 18a is allowed to react with silicon (the substrate 
1, and the gate electrodes lln and lip) . Then, the unreacted 
cobalt film 18a is removed by wet etching. As a result, as shown 
in FIG. 16, cobalt silicide films 18 are formed on the respective 
surfaces of the n^-type semiconductive regions (source and 
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holes 21 by a CVD method or a sputtering method* Subsequently, 
the tungsten film is dry etched by using a photoresist film as 
a mask to form tungsten wires 22 to 28 on the silicon dioxide 
film 20. 

Thereafter, multilayer wiring is formed on top of the 
tungsten wires 22 to 28 via an interlayer insulating film, but 
not shown. 

Thus, in accordance with this embodiment, it is possible 
to prevent the mixing of impurities (foreign matters) such as 
carbon (C) contained in air into the interface between the 
substrate 1 and the gate insulating films 9a and 9b. Further, 
it is possible to suppress the formation of an undesirable 
natural oxide film thereon. In consequence, it is possible to 
ensure the compatibility between the suppression of the tunnel 
leakage currents of the MISFETs (Qni and QPi) constituting the 
internal circuit and the attainment of the driving ability 
thereof. Further, by forming the gate insulating film 9b of 
the MISFETs (Qnj and Qpz) constituting the I/O circuit by a 
laminated film of the silicon oxynitride film 8 and the high 
dielectric film 9, it is possible to ensure the reliability 
during high-voltage operation. 
(Embodiment 2) 

This embodiment demonstrates the case where the present 
invention is applied to a replacement gate type MISFET. The 
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of the silicon dioxide film 56 and a part of the underlying 
silicon nitride film 55 are removed by a chemical mechanical 
polishing method. In consequence, the top face of the dummy 
gate 51 is exposed. Subsequently, as shown in FIG. 25, the dummy 
gate 51 is removed by etching. 

Then, the resulting substrate 1 is transported into the 
etching chamber 101 of the treatment apparatus 100 shown in FIG. 
3 above. As shown in FIG. 26, the silicon dioxide film 50 in 
the region exposed by removal of the dummy gate 51 is etched, 
so that the surface of the substrate 1 is exposed. 

Thereafter, the resulting substrate 1 is transported into 
the film-forming treatment chamber 105 of the treatment 
apparatus 100. As shown in FIG. 27, a high dielectric film 57 
is deposited on the surface of the substrate 1 exposed by the 
removal of the silicon dioxide film 50 and on the silicon dioxide 
film 56. Subsequently, as shown in FIG. 28, a W film 58 is 
deposited on top of the high dielectric film 57. 

Then, the resulting substrate 1 is transported out from 
the treatment apparatus 100 . The W film and the high dielectric 
film 57 on top of the silicon dioxide film 56 are removed by 
a chemical mechanical polishing method. In consequence, a gate 
electrode 59 composed of the W film 58 is formed, and a gate 
insulating film 60 composed of the high dielectric film 57 is 
formed on the sidewall and the bottom of the gate electrode 59. 
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and each gate insulating film of another part of the MISFETs 
is formed of a laminated film of a silicon dioxide film (or a 
silicon oxynitride film) and a high dielectric film. 

Further, the present invention can also be applied to the 
case where a clean room wholly filled with an inert atmosphere 
is employed in place of the treatment apparatus 100 of the 
foregoing embodiments. In this case, the transport system and 
the loader / unloader units are filled with an inert atmosphere. 

The effects obtainable in accordance with the typical 
aspects of the present invention disclosed in this application 
will be briefly described as follows. 

In a process in which a part of the gate insulating film 
is formed of a high dielectric film and another part thereof 
is formed of a silicon dioxide film, it is possible to suppress 
the inclusion of undesirable foreign matters into the interface 
between the semiconductor substrate and the gate insulating 
film, and the formation of an undesirable natural oxide film 
thereon. Therefore, it is possible to ensure the compatibility 
between the suppression of the tunnel leakage current and the 
attainment of the driving ability of MISFETs. 
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conductive layer on the second insulating film in the first 
region and forming a gate electrode of a second MISFET comprised 
of the first conductive layer on the second insulating film in 
the second region, 

wherein at least the steps (b) to (e) are continuously 
carried out without exposing the silicon substrate to air. 

2. The method for manufacturing a semiconductor 
integrated circuit device according to claim 1, wherein a means 
for removing the film including the natural oxide film in the 
step (b) is dry etching utilizing a plasma. 

3. The method for manufacturing a semiconductor 
integrated circuit device according to claim 1, wherein the 
first insulating film is an insulating film containing silicon 
dioxide as a main component. 

4 . The method for manufacturing a semiconductor 
integrated circuit device according to claim 1, further 
comprising a first heat treatment step of heat-treating the 
silicon substrate in an atmosphere containing nitrogen between 
the step (c) and the step (d) , 

wherein at least the steps (b) to (e) are continuously 
carried out without exposing the silicon substrate to air. 

5. The method for manufacturing a semiconductor 
integrated circuit device according to claim 4, wherein the 
first insulating film is an insulating film containing silicon 



principal surface; 

(b) removing a film including a natural oxide film formed 
on the principal surface of the silicon substrate, and thereby 
exposing a silicon layer on the principal surface of the silicon 
substrate; 

(c) forming, after the step (b) , a first insulating film 
having a smaller relative dielectric constant than that of a 
silicon nitride film on the silicon layer; 

(d) selectively removing the first insulating film in the 
third and fourth regions, leaving the first insulating film in 
the first and second regions, and thereby exposing the silicon 
layer in the third and fourth regions; 

(e) forming, after the step (d) , a second insulating film 
having a larger relative dielectric constant than that of a 
silicon nitride film on the first insulating film in the first 
and second regions, and on the silicon layer in the third and 
fourth regions; 

(f ) forming a first conductive layer of a first conductive 
type on the second insulating film in the first and third regions, 
and forming a second conductive layer of a second conductive 
type on the second insulating film in the second and fourth 
regions; and 

(g) patterning the first and second conductive layers, 
and thereby forming a gate electrode of a first MISFET comprised 
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silicon substrate in an atmosphere containing nitrogen between 
the step (c) and the step (d) , wherein at least the steps (b) 
to (e) are continuously carried out without exposing the silicon 
substrate to air. 

14. The method for manufacturing a semiconductor 
integrated circuit device according to claim 13, wherein the 
first insulating film is an insulating film containing silicon 
oxynitride as a main component. 

15. The method for manufacturing a semiconductor 
integrated circuit device according to claim 10, wherein the 
relative dielectric constant of the second insulating film is 
not less than 8.0. 

16. The method for. manufacturing a semiconductor 
integrated circuit device according to claim 10, wherein at 
least the steps (b) to (e) are continuously carried out in the 
same apparatus including a multi-chamber system. 

17. The method for manufacturing a semiconductor 
integrated circuit device according to claim 10, wherein at 
least the steps (b) to (f ) are continuously carried out without 
exposing the silicon substrate to air. 

18. The method for manufacturing a semiconductor 
integrated circuit device according to claim 10, further 
comprising a second heat treatment step of heat-treating the 
silicon substrate between the step (e) and the step (f ) , wherein 
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conductive layer on the second insulating film in the first 
region and forming a gate electrode of a second MISFET comprised 
of the first conductive layer on the second insulating film in 
the second region, 

wherein the silicon substrate is held in an inert 
atmosphere at least between the completion of the step (d) and 
the initiation of the step (e) . 

20 . A method for manufacturing a semiconductor integrated 
circuit device, comprising the steps of: 

(a) preparing a silicon substrate having a first 
insulating film comprised of a silicon dioxide film formed on 
a principal surface; 

(b) removing the first insulating film on the silicon 
substrate surface; 

(c) cleaning the silicon substrate surface; 

(d) forming a second insulating film having a larger 
relative dielectric constant than that of the silicon nitride 
film on the silicon substrate; 

(e) forming a first conductive layer on the second 
insulating film; and 

(f) patterning the first conductive layer, and thereby 
forming a gate electrode of a first MISFET comprised of the first 
conductive layer, 

wherein the silicon substrate is held in an inert 
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ABSTRACT OF THE DISCLOSURE 

In a process of forming MISFETs mutually different in 
thickness of the gate insulating film on the same substrate, 
the formation of an undesirable natural oxide film at the 
interface between the semiconductor substrate and the gate 
insulating film is suppressed. A gate insulating film of 
MISFETs (Qni and QPi) constituting an internal circuit is 
comprised of a silicon oxynitride film. Another gate 
insulating film of MISFETs (Qnj and QP2) constituting an I/O 
circuit is comprised of a laminated film of a silicon oxynitride 
film and a high dielectric film. A process of forming the two 
types of gate insulating films on the substrate is continuously 
carried out in a treatment apparatus of a multi-chamber system. 
Accordingly, the substrate will not be exposed to air. 
Therefore, it is possible to suppress the inclusion of 
undesirable foreign matters and the formation of a natural oxide 
film at the interface between the substrate and the gate 
insulating films. 
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